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PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 
IN THE ABSTRACT : 

Please replace the Abstract filed with the Substitute Abstract attached hereto. 
IN THE SPECIFICATION : 

Please replace the specification with the Substitute Specification attached hereto. 
IN THE CLAIMS : 

Please replace claims 1-10 as follows: 

1. (Amended) An electro-optical apparatus, comprising 

a display panel including a peripheral region and a plurality of pixels; 

a driver that drives each of the pixels of said display panel based on a display 
signal which is externally supplied; 

a timing detection device that detects timing to drive the pixels in the 
peripheral region of said display panel; and 

a display controller that outputs a signal to display a particular color to said 
driver at the timing detected by said timing detection device. 



U.S. National Stage of PCT/JPO 1/00591 



2. (Amended) An electro-optical apparatus, comprising 

a display panel including a peripheral region and a plurality of pixels; 

a driver that drives each of the pixels based on display data which is externally 
supplied corresponding to each of the pixels of said display panel; and 

a display controller that outputs to said driver display data to display a 
particular color as display data to display each of the pixels in the peripheral region of said 
display panel. 

3. (Amended) An electro-optical apparatus, comprising: 

a display panel including a peripheral region and a plurality of pixels; 

a memory which stores display data corresponding to each of the pixels of said 

display panel; 

a writing device that writes to said memory display data which is externally 

supplied; 

a driver that drives each of said pixels based on the display data in said 

memory; and 

a display control device that writes to said memory display data to display a 
particular color as display data to display each of the pixels in the peripheral region of said 
display panel. 

4. (Amended) An electro-optical apparatus, comprising: 

a display panel including a peripheral region and a plurality of pixels; 

a memory which stores display data corresponding to each of the pixels of said 

display panel; 

a writing device that writes to said memory display data which is externally 

supplied; and 

a driver that drives each of said pixels based on the display data in said 

memory; 

display data to display a particular color being stored in advance in a storage 
area of said memory corresponding to each of the pixels in the peripheral region of said 
display panel. 
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5. (Amended) The electro-optical apparatus according to Claim 1, each of said 
pixels being formed of liquid crystal. 

6. (Amended) The electro-optical apparatus according to Claim 1, said particular 
color being white. 

7. (Amended) A method of driving an electro-optical apparatus which includes a 
display panel including a plurality of pixels, and a driver that drives each of the pixels of said 
display panel based on a display signal which is externally supplied, the method comprising: 

detecting timing to drive the pixels in the peripheral region of said display 

panel; and 

outputting a signal to display a particular color to said driver at the detected 

□ timing. 

8. (Amended) A method of driving an electro-optical apparatus which includes a 
iA display panel including a plurality of pixels, and a driver that drives each of the pixels based 

cn 

on display data which is externally supplied corresponding to each of the pixels of said 

□ display panel, the method comprising: 

FLI outputting display data to display a particular color to said driver as display 

q data to display each of the pixels in the peripheral region of said display panel. 

9. (Amended) A method of driving an electro-optical apparatus which includes a 
display panel including a plurality of pixels, a memory which stores display data 
corresponding to each of the pixels of said display panel, a writing device that writes to said 
memory display data which is externally supplied, and a driver that drives each of said pixels 
based on the display data in said memory, the method comprising: 

writing display data to display a particular color to said memory as display 
data to display each of the pixels in the peripheral region of said display panel. 

10. (Amended) The method of driving an electro-optical apparatus according to 
Claim 7, said writing step including writing display data to display a particular color that is 
white. 
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REMARKS 

Claims 1-10 are pending. By this Amendment, claims 1-10 are amended. The 
specification and Abstract arc replaced with a Substitute Specification and Substitute 
Abstract. 

The attached Appendix includes marked-up copies of the specification 
(37 C.F.R. §1.1 25(b)(2)) and each rewritten claim (37 C.F.R. §1.12 1(c)(1)(H)). 

Prompt and favorable consideration on the merits is respectfully requested. 
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APPENDIX 



Changes to Abstract: 

The following is a marked-up version of the amended Abstract. 

ABSTRACT 

The invention provides ln - providin ff an electro-optical apparatus with an 
enhancedi m pr oved visibility of image in the peripheral region of the active display area, and a 
method of driving such an electro-optical apparatus. The apparatus includes a t h e sam e , a 
mask signal generating circuit that4 2 constantly outputs a mask signal tofe* displaying white. 
A mask controlling circuit 4-6-usually outputs a control signal MS tola* turning on an analog 
switch 44-and turning off an analog switch-42. Thus, a display signal ¥S-on a terminal 4G-is 
supplied to a display signal line 5-via the analog switch-H, whereby an image is displayed on 
a display panel-4. Also, the mask controlling circuit-4€, based on a data line driving signal 
and a scanning line driving signal supplied from a timing pulse generating circuit-7, detects 
the timing tofe* driveing each of predetermined pixels in the peripheral region of the display 
panel-4, and outputs at the timing a control signal to MS for turning off the analog switch 44 
and turning on the analog switch-^3. Thus, white is displayed in the peripheral region of the 
active display area. 
Changes to Specification: 

A Substitute Specification is attached in accordance with 37 C.F.R. 1.125(b)(2). 
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Changes to Claims; 

The following are marked-up versions of the amended claims: 

1 . (Amended') An electro-optical apparatus^ comprisin g whioh GompriGQG 

a display panel including a peripheral region and oomprising a plurality of 

pixels;? and 

a driver that drives driving means for driving each of the pixels of said display 

panel based on a display signal which is externally supplied;? 

asaid electro optical apparatus comprising timing detection device that 
detect sm e ons for detecting th e timing tofef drive driving the pixels in the peripheral region of 
said display panel;-_and 

"*i a display controller that outputs m e ans for outputting a signal tofe* displaymg a 

particular color to said drive r driving m e ans at the timing detected by said timing detection 
devicem eaHs. 

2. (Amended) An electro-optical apparatus , comprising which compri se s 

4f a display panel including a peripheral region and oompri s ing a plurality of 

rU pixels;?-afl4 

P a driver that drives driving means for driving each of the pixels based on 

display data which is externally supplied corresponding to each of the pixels of said display 
panel : and? 

asaid eloGtro optical apparatus c o mp r ising display controller that 
outputs oontrol moons for outputting to said drive r drivin g- m e ans display data tofer displaying 
a particular color as display data tofer displaying each of the pixels in the peripheral region of 
said display panel. 

3. (Amended) An electro-optical apparatus, comprising: which comprise s 

_a display panel including a peripheral region and c omprising a plurality of 

pixels;? 

a memory which stores display data corresponding to each of the pixels of said 

display panel;? 
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awriting device that writesmuons for writing to said memory display data 

which is externally supplied^ 

aaiid driver that drives drivinfi means for driving each of said pixels based on 

the display data in said memory ^ and 

asaid e l e ctro optical apparatus comprising display control device that 
writes m e ans for writing to said memory display data tofer displaying a particular color as 
display data tofef displaying each of the pixels in the peripheral region of said display panel. 

4. (Amended") A n electro-optical apparatus^ comprising : w hioh comprises 

a display panel including a peripheral region an d comprising a plurality of 

pixels;? 

a memory which stores display data corresponding to each of the pixels of said 

display panels 

_^ a writing device that write sm e ans for writing to said memory display data 

which is externally supplie d: and? 

aand driver that drives driving means for driving each of said pixels based on 

the display data in said memory^ 

characterized in that display data tofer displaying a particular color beingis 
stored in advance in a storage area of said memory corresponding to each of the pixels in the 
peripheral region of said display panel. 

5. (Amended) T he electro-optical apparatus according to Claim 1 to Claim 4 , 
characterized in that each of said pixels being formed ia composed of liquid crystal. 

6. (Amended) The electro-optical apparatus according to Claim 1 to Claim 5 , 
wh e rein said particular color beingi s white. 

7. (Amended) A method of driving an electro-optical apparatus which 
includes compriscs a display panel including comprioing a plurality of pixels, and a driver that 
drives driving means for driving each of the pixels of said display panel based on a display 
signal which is externally supplied, the method comprising: 
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detecting oha ra o t e rizod in that the timing tofer driveing the pixels in the 
peripheral region of said display panel is detected; ? and in that 

outputtine a signal tofef displaying a particular color is output t o said 
driver driving m e ans at the detected timing. 

8. (Amended") A method of driving an electro-optical apparatus which 
includes oompris e s a display panel including comprising a plurality of pixels, and a driver that 
driyes drivin g- m e ans for drivin g each of the pixels based on display data which is externally 
supplied corresponding to each of the pixels of said display panel, the method comprising: 

outputting c haract e riz e d in that display data tofef displaying a particular color 
is output t o said driver driving m e ans as display data tofer displaying each of the pixels in the 
peripheral region of said display panel. 

9- (Amended 1 ) A method of driving an electro-optical apparatus which 
includes oompris e s a display panel includm g oomprioing a plurality of pixels, a memory which 
stores display data corresponding to each of the pixels of said display panel, awriting device 
that writes m e ans for writing to said memory display data which is externally supplied, and a 
driver that drives driving m e ans for driving each of said pixels based on the display data in 
said memory, the method comprising: 

writing oharaotoriz e d in that display data tofet displaying a particular color is 
written t o said memory as display data tofef displaying each of the pixels in the peripheral 
region of said display panel. 

10. (Amended) T he method of driving an electro-optical apparatus according to 
Claim 7 to Claim 9 , wh e r e in said writing step including writing display data to display a 
particular color that is white. 
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ELECTRO-OPTICAL APPARATUS AND METHOD OF DRIVING THE SAME 

BACKGROUND OF THE INVENTION 
1- Field of Invention 

[0001] The present invention relates to electro-optical apparatuses, such as 
liquid crystal display apparatuses, and more particularly, it relates to an electro-optical 
apparatus in which the display status in a peripheral region of a display screen is 
enhanced. The invention also relates to a method of driving such an electro-optical 
apparatus. 

2. Description of Related Art 

[0002] For example, in a transmission-type liquid crystal display apparatus, 
in order to prevent light leakage of the transmitted light (backlight), a frame-shaped 
light-blocking film is formed in the peripheral region of pixels on the device substrate, 
using a black matrix, etc. constituting color filters. The region where images, such as 
characters and pictures are actually displayed, i.e., the so-called active display area, is 
defined by the light-blocking film. However, when the region where the light- 
blocking film is formed is visually observed, as shown in Fig. 9, the region G looks as 
if it has a black border on the screen. Thus, for example, if a character M E" is 
displayed at the edge of the active display area L, part of the character overlaps the 
region of the light-blocking film and becomes indistinguishable, causing a problem 
that the visibility of the character is considerably degraded. 

SUMMARY OF THE INVENTION 

[0003] The present invention addresses the above problem, and an object 
thereof is to provide an electro-optical apparatus having enhanced image visibility, 
particularly in the peripheral region of the active display area, and a method of driving 
such an electro-optical apparatus. 

[0004] In order to solve the above-described problem, an electro-optical 
apparatus is provided which includes a display panel including a plurality of pixels, 
and a driver that drives each of the pixels of the display panel based on a display 
signal which is externally supplied. A timing detection device is provided to detect 
the timing to drive the pixels in the peripheral region of the display, A display 
controller is provided to output a signal to display a particular color to the driver at the 
timing detected by the timing detection device. 



[0005] In accordance with this structure, for example, white is displayed as 
the particular color in the periphery of the active display area of the display panel. 
Accordingly, the visibility in the peripheral region of the active display area can be 
significantly enhanced compared with the conventional art. 

[0006] Also, an electro-optical apparatus is provided that includes a display 
panel including a plurality of pixels, and a driver that drives each of the pixels based 
on display data which is externally supplied corresponding to each of the pixels of the 
display panel. A display controller is provided that outputs, to the driver, display data 
to display a particular color as display data to display each of the pixels in the 
peripheral region of the display panel. 

[0007] In accordance with this structure, similarly to the above-described 
invention, the visibility in the peripheral region of the active display area can be 
significantly enhanced. 

[0008] Also, an electro-optical apparatus is provided that includes a display 
panel including a plurality of pixels, a memory which stores display data 
corresponding to each of the pixels of the display panel, a writing device that writes, 
to the memory, display data which is externally supplied, and a driver that drives each 
of the pixels based on the display data in the memory. A display controller is 
provided to write, to the memory, display data to display a particular color as display 
data to display each of the pixels in the peripheral region of the display panel. 

[0009] In accordance with this structure, similarly to the above-described 
apparatus, the visibility in the peripheral region of the active display area can be 
significantly enhanced. 

[0010] Also, an electro-optical apparatus is provided which includes a 
display panel including a plurality of pixels, a memory which stores display data 
corresponding to each of the pixels of the display panel, a writing device that writes, 
to the memory, display data which is externally supplied, and a driver that drives each 
of the pixels based on the display data in the memory. Display data to display a 
particular color is stored in advance in a storage area of the memory corresponding to 
each of the pixels in the peripheral region of the display panel. 

[0011] In accordance with this structure, similarly to the above-described 
apparatus, the visibility in the peripheral region of the active display area can be 
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significantly enhanced. In addition, in accordance with this structure, the structure of 
the writing device that writes data to the memory can be simplified. 

[0012] Furthermore, in the above-described apparatus, each of the pixels is 
formed of liquid crystal. 
5 [0013] Furthermore, in the above-described apparatus, the particular color is 

preferably white. Thus, the visibility in the peripheral region of the active display area 
can be further enhanced compared with other colors. 

[0014] Also, a method of driving an electro-optical apparatus is provided. 
The apparatus includes a display panel including a plurality of pixels, and a driver that 
10 drives each of the pixels of the display panel based on a display signal which is 

externally supplied. The method includes detecting the timing to drive the pixels in 
the peripheral region of the display panel, and outputting a signal to display a 
particular color to the driver at the detected timing. 

[0015] In accordance with the method, for example, white is displayed as the 
1 5 particular color in the periphery of the active display area of the display panel. 

Accordingly, the visibility in the peripheral region of the active display area can be 
significantly enhanced compared with the conventional art. 

[0016] Also, another method of driving an electro-optical apparatus is 
provided. The apparatus includes a display panel including a plurality of pixels, and a 
20 driver that drives each of the pixels based on display data which is externally supplied 
corresponding to each of the pixels of the display panel. The method includes 
outputting display data to display a particular color to the driver as display data to 
display each of the pixels in the peripheral region of the display panel, 

[0017] In accordance with this method, similarly to the method described 
25 above, the visibility in the peripheral region of the active display area can be 
significantly enhanced. 

[0018] Also, another method of driving an electro-optical apparatus is 
provided. The apparatus includes a display panel including a plurality of pixels, a 
memory which stores display data corresponding to each of the pixels of the display 
30 panel, a writing device that writes, to the memory, display data which is externally 
supplied, and a driver that drives each of the pixels based on the display data in the 
memory. The method includes writing display data to display a particular color to the 



memory as display data to display each of the pixels in the peripheral region of the 
display panel. 

[0019] In accordance with this method, similarly to the methods of the 
above-described inventions, the visibility in the peripheral region of the active display 
area can be significantly enhanced. 

[0020] In the above-described methods, the particular color is preferably 
white. Thus, the visibility in the peripheral region of the active display area can be 
further enhanced compared with other colors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Fig. 1 is a schematic showing the structure of a first embodiment of 
the present invention; 

Fig. 2 is a timing diagram for explaining the operation of the embodiment; 

Fig. 3 is a timing diagram for explaining the operation of the embodiment; 

Fig. 4 is a schematic showing a display status of a display panel 1 in the 
embodiment; 

Fig. 5 is a schematic showing the structure of a second embodiment of the 
present invention; 

Fig. 6 is a timing diagram for explaining the operation of the embodiment; 

Fig. 7 is a timing diagram for explaining the operation of the embodiment; 

Figs. 8(a)-8(c) are perspective views showing examples of electronic 
equipment incorporating the electro-optical apparatus of the invention; 

Fig. 9 is a schematic for explaining a problem regarding display in a 
conventional liquid crystal display apparatus. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0022] Embodiments of the present invention will be described below with 
reference to the drawings. Fig. 1 is a schematic showing the structure of a liquid 
crystal display apparatus according to a first embodiment of the present invention. 
Fig. 1 shows a liquid crystal display panel 1 of the active matrix type, a scanning line 
driving circuit 2 that drives the scanning lines of the display panel 1, and a data line 
driving circuit 3 that drives the data lines of the display panel 1 . Analog switches 4- 1 , 
4-2 - 4-n are also shown. The source of each of the analog switches 4-1 to 4-n is 
connected to a display signal line 5, the drain thereof is connected to the data line of 
the display panel 1, and the gate thereof is connected to the data line driving circuit 3. 



[0023] A timing pulse generating circuit 7 is also shown, which generates a 
scanning line driving signal and a data line driving signal based on system clock 
pulses and outputs respectively to the scanning line driving circuit 2 and the data line 
driving circuit 3. 

[0024] In accordance with the above structure, the scanning line driving 
circuit 2 initially outputs a "H (high)" level signal to the first scanning line (the 
uppermost scanning line). Then, the data line driving circuit 3 sequentially turns on 
the analog switches 4-1,4-2 Thus, a display signal (analog signal) on the display 
signal line 5 is sequentially written to each of the pixels on the first line of the display 
panel 1 . Next, the scanning line driving circuit 2 outputs a "H" level signal to the 
second scanning line of the display panel 1, and then, the data line driving circuit 3 
sequentially turns on the analog switches 4-1 , 4-2, —. Thus, the display signal on the 
display signal line 5 is sequentially written to each of the pixels on the second line of 
the display panel 1 . Thereafter, the display signal is sequentially written to each of the 
pixels of the display panel 1 by a similar procedure, whereby an image is displayed. 
The above-described structure has conventionally been known. 

[0025] Fig. 1 also shows a terminal 10 to which a display signal (analog 
signal), which is externally supplied, is supplied, and a white display circuit 1 1 
(display controller). The white display circuit 1 1 is a circuit that displays white in the 
peripheral region of the active display area of the display panel 1, and includes a mask 
signal generating circuit 12, analog switches 1 3 and 14, an inverter 15, and a mask 
controlling circuit 16. 

[0026] The mask signal generating circuit 12 constantly outputs an analog 
voltage (referred to as a mask signal) to display white. The mask controlling 
circuit 16 usually outputs a control signal MS to turn on the analog switch 14 and turn 
off the analog switch 13. Thus, a display signal VS on the terminal 10 is supplied to 
the display signal line 5 via the analog switch 14, whereby an image is displayed on 
the display panel 1. Also, the mask controlling circuit 16, based on the data line 
driving signal and the scanning line driving signal supplied from the timing pulse 
generating circuit 7, which is timing detection device, detects the timing to drive each 
of predetermined pixels in the peripheral region of the display panel 1, and outputs at 
the timing a control signal MS to turn off the analog switch 14 and turn on the analog 
switch 13. 
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[0027] More specifically, Fig. 2 shows the vertical sync signal (a), and the 
scanning line drive timing (b). The numerals 1, 2, — in Fig. 2 (b) indicate numbers of 
the scanning lines. The mask controlling circuit 16 outputs the control signal MS (c), 
at the timing to drive a plurality of uppermost scanning lines of the display panel 1, 
5 and at the timing to drive a plurality of lowermost scanning lines. Thus, the mask 
signal is applied to pixels connected to the scanning lines instead of the display 
signal VS, each of the pixels being displayed in white. Furthermore, Fig. 3 shows the 
horizontal sync signal (a), and the data line drive timing (b). The mask controlling 
circuit 16 outputs the control signal MS (c), at the timing to drive a plurality of data 
1 0 lines from the left end and a plurality of data lines from the right end of the display 

panel 1. Thus, the mask signal is applied to pixels connected to the data lines instead 
of the display signal VS, each of the pixels being displayed in white. 

[0028] As described above, according to the above-described embodiment, 
the mask signal is applied to the pixels instead of the display signal VS at the timing 
'•[3 15 to drive each of the pixels in the peripheral region of the display panel 1 . Thus, as 
\>& shown in Fig. 4, a white display area 19 is formed in the periphery of the active 

^ display area 1 8. Accordingly, the visibility in the peripheral region of the active 

display area 1 8 can be significantly enhanced compared with the conventional art. 

fy 

si Fig. 4 also shows a light-blocking layer 20. 

i & 20 [0029] Next, a second embodiment of the present invention will be 

described. Fig. 5 is a schematic showing the structure of a liquid crystal display 
apparatus according to a second embodiment of the present invention. Similarly to* 
the liquid crystal display apparatus according to the above-described first 
embodiment, the liquid crystal display apparatus shown in Fig. 5 also displays white 

25 in the periphery of the active display area of the display panel 1 . Furthermore, unlike 
the above-described apparatus, the liquid crystal display apparatus displays on the 
display panel 1 in gray scales by digital driving. 

[0030] Fig, 4 shows a terminal 30 to which display data HD (digital data) is 
externally supplied, and a mask data generating circuit 31 which constantly outputs 

30 mask data. The mask data is digital data (hereinafter referred to as white display data) 
which instructs display in white. Fig. 5 also shows a mask controlling circuit 32, and 
a display memory 33. The display memory 33 is a memory which includes memory 
slots of a number which is the same as the number of the pixels, corresponding to 



each of the pixels one by one, and is rewritten each time a field is displayed. The 
mask controlling circuit 32 writes the display data HD to memory slots of the display 
memory 33 corresponding to the active display area 18 (Fig. 4), while writing the 
mask data output from the mask data generating circuit 3 1 to memory slots 
corresponding to the white display area 19. 

[0031] A data coding circuit 34 reads out the display data in the display 
memory, converts each of the display data which has been read out into a pulse width, 
for example, using a conversion table which is internally provided, and outputs to a 
data line driving circuit 35. A timing pulse generating circuit 36 generates a scanning 
line driving signal and a data line driving signal based on system clock pulses, and 
respectively outputs to a scanning line driving circuit 37 and the data line driving 
circuit 35. 

[0032] The scanning line driving circuit 37 outputs an "H" level signal 
sequentially to the first scanning line (the uppermost scanning line), the second 
scanning line, the third scanning line **, based on the timing of the scanning line 
driving signal. The data line driving circuit 35 outputs an "H" level signal having a 
pulse width in accordance with the display data sequentially to the first data line (the 
leftmost data line), the second data line, the third data line, based on the timing of the 
data line driving signal. 

[0033] Fig- 6 shows the vertical sync signal (a), and the scanning line 
data (b). As described above, the white display data is written in the display 
memory 33. Thus, during the time when the plurality of uppermost scanning lines are 
scanned (indicated in Fig. 6 as A) and during the time when the plurality of lowermost 
scanning lines are scanned (indicated in Fig. 6 as B), each of the pixels connected to 
the scanning lines are displayed using the white display data. Furthermore, Fig. 7 
shows the horizontal sync signal (a), and the data line driving signal (b). Also, in 
driving the data lines, the drive signal for the plurality of data lines from the leftmost 
data line and a plurality of data lines from the rightmost data line is a signal having a 
pulse width to display white (the longest pulse width) (indicated in Fig. 7 as C and D). 

[0034] As such, in the above-described embodiment, the white display data 
is constantly written to the memory slots in the display memory 33 corresponding to 
the white display area. Thus, similarly to the above-described liquid crystal display 
apparatus shown in Fig. 1, white color can be displayed in the peripheral region of the 
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display area (see Fig. 4). Accordingly, the visibility in the peripheral region of the 
active display area can be enhanced. 

[0035] Although in the above-described embodiment, the white display data 
is written to the display memory 33 each time the display memory is rewritten, 
alternatively, the white display data may be written in advance to predetermined 
memory slots of the display memory 33, so that only the other memory slots are 
rewritten with the display data each time a field is displayed. In this way, the structure 
of the mask controlling circuit 32 can be simplified. 

[0036] Although the description has been directed to cases where the 
particular color which is displayed by the pixels in the peripheral region of the display 
area is white, the embodiments do not limit the particular color to white. For 
example, if the liquid crystal apparatus is a color display including color filters, 
depending on the display color of characters, etc., the display color, which is displayed 
by the pixels in the peripheral region of the display area, may be a color which 
facilitates recognition of the characters. For example, if the characters are displayed 
in yellow, the characters will be recognized with ease if the particular color which is 
displayed by the pixels in the peripheral region of the display area is black. 

[0037] Figs. 8 (a)-8 (c) show examples of electronic equipment 
incorporating the electro-optical apparatus of the invention, in which Fig. 8 (a) is a 
perspective view showing a cellular phone. Fig. 8 (a) shows the main body of the 
cellular phone 1000 that includes a liquid crystal display unit 1001 using a liquid 
crystal display apparatus according to the above-described embodiments. Fig. 8 (b) is 
a perspective view showing an electronic apparatus of the wristwatch type. Fig. 8 (b) 
shows the main body 1 100 of the watch, and a liquid crystal display unit 1101 using a 
liquid crystal display apparatus according to the above-described embodiments. The 
liquid crystal display apparatus allows display with an enhanced visibility even in the 
peripheral region compared with a conventional watch display unit, allowing display 
of television images, and thus achieving a wristwatch-type TV. 

[0038] Fig. 8 (c) is a perspective view showing a portable information 
processing apparatus, such as a word processor or a personal computer. Fig. 8 (c) 
shows the information processing apparatus 1200, an input unit 1202, such as a 
keyboard, a display unit 1206 using a liquid crystal display apparatus according to the 



above-described embodiments, and the main body 1204 of the information processing 
apparatus. 

[0039] As described above, in accordance with the present invention, a 
particular color (e.g., white) is displayed in the periphery of the active display area of 
a display panel. Accordingly, the visibility in the peripheral region of the active 
display area can be significantly enhanced compared with the conventional art. 



09/937561 

JW6Rec'dPCT/FT0 SEP 2 7 2001 



ELECTRO-OPTICAL APPARATUS AND METHOD OF DRIVING THE SAME 
' Tuilmiuul Fiuld ^c^c»g-^ 

The present invention relates to electro-optical apparatus^s^ch as liquid 
5 crystal display apparatuses, and more particularly, it relates to an electro-optical 

apparatus in which the display status in life peripheral regioivof t&e^display screen is 
^ ^prwo dpjfflb^me^od of driving tbe-same^- — 5^ ^ejUro-o^H^A a/'/W^^. 

For example, in a transmission-type liquid crystal display apparatus, in order 
3 to prevent light leakage of the transmitted light (backlight), a frame-shaped light- 
blocking film is formed in the peripheral region of pixels on the device substrate, 
using a black matrix, etc. constituting color filters. The region where imagsjsuch as 
characters and pictures are actually displayed, i.e., the so-called active display area, is 
defined by the light-blocJdng-film. Huwevej^when the region where the light- 
blocking film is formed is visually observed, as shbwn in Fig. 9, the region G looks as 
^ fring^T i n blaok on the screen. Thus, for example"; if a character "E" is displayed at 
tte^dge^f^the-aetiveilisplay^ea L, part of the character overlaps the region of the 
light-blocking film and becomes indistinguishable, causing ti^prp6lem that the 
visibility of the character is considerably degraded. . \>W*> 

The present invention has been made in v i ew offfhe oituatioiy and an object 
thereof is to provide an electro-optical apparatus v with,ffl imprn^d visibility e f imago 
particularly in the peripheral region of the active display area, and a method of driving 
tnc saniO 1 ^^ / 
J^Lo^O-olIni^rktim — ' " 





In order to solve the above-described proJblen Oiic picscnt invention ia an 
electro-optical apparatus w hioh^ompriooG a display panel compriskrga plurality of 
pixels, and^driving moan c- for driving - each of the pixels of the display panel based on a 
display signaljvfach is extemaU^u p^h ej^^ by^compricin g timing 

detection m gana for detecting :the timing f^drivij^the pixels in the peripheral region 



2 o^' V 

of the display panel, m& display ™nfrH^frv»nnf; for outp^ttin g a signal fef displaying a 
particular color to the drivij^meafls at the timing detected by the timing detection 

In accordance with t hg^constructi on, for example, white is displayed as the 
5 particular color in the periphery of the active display area of the display panel. 

Accordingly, the visibility in the peripheral region of the active display area can be 
significantly impro^Sd compared with the conventional art. f^^o^S 

Also, t ho p r c5&iTt - iiivQ i iti o ii4fe an electro-optical apparatus w4frch~romprises a 
display panel co mprising a plurality of pixels, and/driving moano for driving each of 
1 0 the pixels based on display data which is externally supplied corresponding to each of 
the pixels of the display panel, ch am p tenz e d - by oompnsing j d isplay control means for 
mitptSttiJtg^to the driving rrtfans display data fer displaying a particular color as display 



data f&f displaying each of the pixels in the peripheral region of the display panel. 
In accordance with the cdnctruction ^ similarly to the above-described 



Q 15 invention, the visibility in thejieripheral region of the active display area can be 



in the vc 

LI significantly impre^ed. -tf^- ^j^^ 0 ^**^** 

□ Also, t he p r esent invention io an electro-optical apparatus which comprisoo a 

display panel OTra^S&i»g-a plurality of pixels,. a memory which stores display data 

corresponding to each of the pixels of the display panel, writing mo&no for writing to 

20 the memory display data which is externally supplied, and<nriv mg mcanc fo r driving 

each of the pixels based on the display data in the memory, c haiauimLLid by - ' 

\*r V f ^ ^r ^^ j_o 

trrniprttamg-display control moano for - writmg to the memory display data-for" 

displayiy£ a particular color as display data fef^Tsplayi^ each of the pixels in the 

peripheral region of the display panel. £^1^ ^ 

25 In accordance with the cc<n^ru c tion» similarly to the above-described 

i nvention s, the visibility in the peripheral region of the active display area can be 

significantly improKga. . J^J^ ^J^JUj 

Also, t lic piLSint inv r ntion is an electro-optical apparatus whifijh comprises a 

display panel co mprising a plurality of pixels, a memory which stores display data 




corresponding to each of the pixels of the display panel, (writing me anrfior writin g to 

- *\ as- fl~Ar 

the memoi^display/data which is externally supplied, and' driv ing moano for arivi 



each^f^e^>b(els^based on the display data in the memory,, chatac 
^/^^isglay data( ^^splay r|%^pdTticular color is stored in advance in a storage area of 
the memory corresponding to each of the pixels in the peripheral region of the display 
panel. ^ Jf *> 

In accordance with tltCujiisti uctiun> similarly to the above-described 
itlvcntion s^the visibility in the.peripheral region of the active display area can be 
significantly i mproved . In addition, in accordance with t ho construction , the 



1 0 oonatrutmon of the writing means- fui writing data to the memory can be simplified. 
Furthermore, in the above-described inyorrtTnnx each of the pixels is 
c h a r acter iz e d by being dgm^ ^eS^f^iiquid crystal. 

Furthermore, in the above-described inv e ntio ns, the particular color is 
preferably white. Thus, thevis^lity in the peripheral region of the active display area 



£3 15 can be further i mp r ove d compared with other colors. ^ ff^^o^, 

TU Also, tho present invention is a method of driving an electro-optical apparatus) 

O whieli comprises a display panel c omprising a plurality of pixels, and^ariving m e ans - 

f dr driving each of the pixels of the display panel based on a.display signal which is 
externally supplied, ohafflntfn;ged in that the timing fer driviftg the pixels in the 
20 peripheral region of the display panel is-deteeted, and wi-thatUsignal fegr displaying a 
particular color is-e«tput to the drivk^fmeaas at the detected timing. 

In accordance with the method, for example, white is displayed as the 
particular color in the periphery of the active display area of the display panel. 
Accordingly, the visibility in the peripheral region of the active display area can be 
25 significantly i mprovtxi compared with the conventional art. ^ ( t^s& L &, 

Also, tho prooont ittvcntionjjf a method of driving an electro-optical apparatus*/ 
whioh comprises a display panel c ompriaing a plurality of pixels, and / driv iii& muma * 

fa r driving each of the pixels based on display data which ^^^gf 3 ^^^^^^^^^^^^- i ^^^ — ^*-/ > --' ^^^^^ 
corresponding to each of the pixels of the display panel, ck e rfactiiizid in that display 



data fef displaytyg a particular color ie-emtput to the driving means as display data fbf*** 
displaying each of the pixels in the peripheral region of the display panel. 

In accordance with tfcfe method, similarly to the method of the abw<^laiUiibe ^ 
ttEwatieft, the visibility in the-peqpherai region of the active display area can be 



*B#&me¥i, me visiointy mjn^^cipr 
significant!^^ 



Also, tho - prcoont invontiorfla - cu method of driving an electro-optical apparatus^ 

w faiclfcompris es a display panel comprising a plurality of pixels, a memory which 

stores display data corresponding to each of the pixels of the display panel, <writing Jk^^ 

meano for writing to the memory display data which is externally supplied, and & 

drivi ng modno - for drtyin g each of the pixels based on the display data in the memory, 
<vu^ f-Jfoff ^uitih^i ^rr'A.v^ 

c faaraotorfae a in tha t display data for displaying a particular color i a written to the 
memory as display data frjr displayrj*g each of the pixels in the peripheral region of the 
display panel. 

In accordance with tk^method, similarly to the methods of the above- 
described inventions, the visibili^int^ peripheral region of the active display area 
can be significantly improv<5c L 

In the above-described methods, the particular color is preferably white. Thus, 
the visibility in the^eripheral region of the active display area can be further 
i mproved compared with other colors. 

- - c^fc^vo-cA 

CBrief Description of the Drawings.^*"" . _ 

— 7 ~,cU~y~ s>r^ M 

Fig. 1 is a b k i ck diagrrfm showing the oens tructt im of a first embodiment of 

the present invention^ 

Fig. 2 is a timing diagram for explaining the operation of the embodiment^ 
Fig. 3 is a timing diagram for explaining the operation of the embodiment* 
Fig. 4 is aa - ilmotratio n showing a display status of a display panel 1 in the 

embodiment. v . ^ 

Fig. 5 is a b iuik diagram showing the Gonstawftion of a second embodiment of 

the present invention^ 

Fig. 6 is a timing diagram for explaining the operation of the embodiment^ 



Fig. 7 is a timing diagram for explaining the operation of the embodiment: 
Fig. 8 perspective views showing examples of application of tliejjius&ntr N 
invention;- cs£w^\ ^/W^ 

Fig. 9 is an illu3iTQti0n for explaining a problem regarding display in a 
conventional liquid crystal display apparatus. 
MooVfor Causing Uut Hit luvas tfen- 

Embodiments of the present invention will be described below with reference 

to the drawings. Fig. 1 is a block diagram showing the c onatruotfon of a liquid crystal 

fa. \^\s>~ s, 

display apparatus according to a first embodiment of the present invention. Referring , 
to^t ho fig uc s^ the numeral 1 is a liquid crystal display paneKff the active matrix type, % 
l£ a scanning line driving circuil ffor driving the scanning lines of the display panel 1 , 
and*3-fe-a data line driving circuit f or - driving the data lines of the display panel 1 .'4-1, 
4-2 — 4-n are atfalog switch e s , jne source of each of the analog switches 4-1 to 4-n 
bein^connected to a display signal line 5, the drain thereof bek^connected to the 
data line of the display panel 1, and the gate thereof beitfg connected to the data line 
driving circuit 3. 

T^jk timing pulse generating circui^which generates a scanning line driving 
signal and a data line driving signal based on system clock pulses and outputs 
respectively to the scanning line driving circuit 2 and the data line driving circuit 3, 

Under tho oonGtructi o n aj above , the scanning line driving circuit 2 initially 
outputs a "H (high)" level signal to the first scanning line (the uppermost scanning 
line). Then, the data line driving circuit 3 sequentially turns on the analog switches 4- 
1, 4-2 — . Thus, a display signal (analog signal) on the display signal line 5 is 
sequentially written to each of the pixels on the first line of the display panel 1. Next, 
the scanning line driving circuit 2 outputs a "H" level signal to the second scanning 
line of the display panel 1 , and then, the data line driving circuit 3 sequentially turns 
on the analog switches 4-1, 4-2, Thus, the display signal on the display signal line 
5 is sequentially written to each of the pixels on the second line of the display panel 1 . 
Thereafter, the display signal is sequentially written to each of the pixels of the display 
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panel 1 by a similar procedure, whereby an image is displayed. The above-described 
con s tructi on has conventionally been known. 

Noxt, referring to Fig, 1, tin nimicrul 10 ij a terminal/to which a display signal 
(analog signal), which is externally supplied, is supplied, and-H-4s-a white display 
5 circuit<fdisplay controlli ng means) . The white display circuit 1 1 is a circuit fbl^ 

display^ white in the peripheral region of the active display area of the display panel 
1, and includes a mask signal generating circuit 12, analog switches 13 and 14, an 
inverter 15, and a mask controlling circuit 16. 

The mask signal generating cireuit-teNConstantly outputs an analog voltage 

10 (referred to as a mask sigi^^fi^^play^^pvhite. The mask controlling circuit 16 

usually outputs a control signal MS^&mrni^fe op? the analog switch 14 and turajg^ 
off the analog switch 13. Thus, a dispiajTsignal VS on the terminal 10 is supplied to 
the display signal line 5 via the analog switch 14, whereby an image is displayed on 
the display panel 1 . Also, the mask controlling circuit 16, based on the data line 

1 5 driving signal and the scanning line driving signal supplied from the timing puis© — 



generating circuit 1 which is timing detection hw»rs, detects the tii^ingfi^drivi^ 
C3 each of predetermined pixels in the peripheral regioji^f the display panel 1, and 

outputs at the timing a control signal Mjf ftftl^rni^gjjK the analog switch 14 and 



^^^^ the analog switch 13. ^ ^ , ^ 

20 More specifically, refcmagJQ Fig. 2«(a)4fi the vertical sync signaled (l r ) iy 

the scanning line drive timingr The numerals 1, 2, — in Fig. 2 (b) indicate numbers of 
the scanning lines. The mask controlling circuit 16 outputs the control signal MSf" 
shown - infr) o f tho figiiro , at the timing R5r^rivi^a plurality of uppermost scanning 
lines of the display panel 1, and at the timing fef^vilg a plurality of lowermost 
25 scanning lines. Thus, the mask signal is applied to pixels connected to the scanning 
lines instead of the display signal VS, each of the pixels being displayed in white. 
Furthermore, roforringto Fig. l>J&f& the horizontal sync signalfand -(fe^ts the data 
line drive timingTThe mask controlling circuit 16 outputs the control signal MSf 
shown in (u) uf the figttfe, at the timing M^ivi*{g*a plurality of data lines from the 



left end and a plurality of data lines from the right end of the display panel 1 . Thus, 
the mask signal is applied to pixels connected to the data lines instead of the display 
signal VS, each of the pixels being displayed in white. 

As described above, according to the above-described embodiment, the mask 
signal is applied to the pixels instead of the display signal VS at the tim&g fi*rcS\ 
each of the pixels in the peripheral region of the display panel 1 . Thus, as shown in 
Fig. 4, a white display area 19 is formed in the periphery of the active display area 1 8. 
Accordingly, tiie visibility in tEfpferipheral region of the active display area 18 can be 
significant^ impi^wd^c^mpar^a with the conventional art. Kofeffmg to tho figure , 
tho numeral 20 i s a light-blocking^yer^S-i^ 

Next, a second embodiment of the present invention will be described. Fig. 5 

is a bloclfdiagram showing the c onstructio n of a liquid crystal display apparatus 

according to a second embodiment of the present invention. Similarly to the liquid 

crystal display apparatus according to the above-described first embodiment, the 

liquid crystal display apparatus shown in t he figu r e also displays white in the 

periphery of the active display area of the display panel 1 . Furthermore, unlike the 

above-described apparatus, the liquid crystal display apparatus displays on the display 

panel 1 in gray scales by digital driving. 

Referring to the figuii!, the umueial 3 04s- a terminal'to which display data HD 

3J 

(digital data) is externally supplied, and 944s a mask data generating circuit<which 

constantly outputs mask data. The mask data is digital data (hereinafter referred to as 

white display data) which instructs display in white. 324s a mask controlling circuitr" 

S3 

and 334s a display memory/ The display memory 33 is a memory which includes 
memory slots of a number which is the same as the number of the pixels, 
corresponding to each of the pixels one by one, and is rewritten each time a field is 
displayed. The mask controlling circuit 32 writes the display data HD to memory 
slots of the display memory 33 corresponding to the active display area 1 8 (Fig. 4), 
while writing the mask data output from the mask data generating circuit 3 1 to 
memory slots corresponding to the white display area 1 9. 
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A data coding circuit 34 reads out the display data in the display memory, 
converts each of the display data which has been read out into a pulse width, for 
example, using a conversion table which is internally provided, and outputs to a data 
line driving circuit 35. A timing pulse generating circuit 36 generates a scanning line 
driving signal and a data line driving signal based on system clock pulses, and 
respectively outputs to a scanning line driving circuit 37 and the data line driving 
circuit 35. y~>^ 

llie scanning line driving circuit 37 outputs a'Si" level signal sequentially to 
the first scanning line (the uppermost scanning line), the second scanning line, the 
third scanning line ••, based on^r^e timing of the scanning line driving signal. The data 
line driving circuit 35 outputs a^H" level signal having a pulse width in accordance 
with the display data sequentially to the first data line (the leftmost data line), the 
second data line, the third dateline y ba^jbd on the timing of the data line driving 
signal. v — 

Fig. 6j ^mdi^at05 the vertical sync signal; and (b) indioatoc the scanning line 

dataf^As described above, the white display data is written in the display memory 33. 

Thus, during the time when the plurality of uppermost scanning lines are scanned (se£. 

die UicfuiUer A) and during the time when the. plurality of lowermost scanning lines 

are scanned (see4fe6 duuauoi B), each of the pixels connected to the scanning lines 

are displayed using the white display data. Furthermore, Fig. 7 (a) Indioatoo the 

A& 

horizontal sync signalf and ( b) - md - iotrto 6 the data line driving signak^^AIsj-jn driving 
the data lines, the drive signal for the plurality of data lines from the leftmost data line 
and a plurality of data lines from the rightmost data line is a signal having a pulse 
width* M display^wjiite (the longest pulse width) ( aoo trio oharaotorc C and D). 

Vs such, in the above-described embodiment, the white display data is 
constantly written to the memory slots in the display memory 33 corresponding to the 
white display area. Thus, similarly to the above-described liquid crystal display 
apparatus shown in Fig. 1, white color can be displayed in the peripheral region of the 



display area (see Fig. 4). Accordingly, the visibility in the peripheral region of the 
active display area can be improved. 

Although in the above-described embodiment, the white display data is written 
to the display memory 33 each time the display memory is rewritten, alternatively, the 
white display data may be written in advance to predetermined memory slots of the 
display memory 33, so that only the other memory slots are rewritten with the display 
data each time a field is displayed. In this way, the conotruorTo n of the mask 
controlling circuit 32 can be simplified. 

Although the description has been directed to cases where the particular color 
which is displayed by the pixels in the peripheral region of the display area is white, 
the embodiments do not limit the particular color to white. For example, if the liquid 
crystal apparatus is a color display including color filters, depending on the display 
color of characters, etc., the display cc^Je^yhich is displayed by the pixels in the 
peripheral region of the display are^may be a color which facilitates recognition of 
the characters. For example, if the characters are displayed in yellow, the characters 
will be recognized with ease if the particular color which is displayed by the pixels in 
the peripheral region of the display area is black. yw. ^Jla-cW^ *»f A <*M^*<>wj 

Fig! *T i&ill uGtrntions show in g examples of ap p l ication of the above dcac i ib od 

embodiment ^ in which Fig. 8 (a) is a perspective view showing a cellular phone. 

19 0Q irfaioatog the main body of the cellular phone4 n which is a liquid crystal 
AOO\ 

display uniting a liquid crystal display apparatus according to the above-described 
embodiments. Fig. 8 (b) is a n fflmtration showing an electronic apparatii^ of K ^y 
wnstwatch type. 1 100 is a perspective view ohowing the main body'of the watch, <>4L 
HOI is a liquid crystal display unit/using a liquid crystal display apparatus according 
to the above-described embodiments. The liquid crystal display apparatus allows 
display with an imf*ov^ovisibility even in the peripheral region compared with a 
conventional watch display unit, allowing display of television images, and thus 
achieving a wristwatch-type TV. 
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Fig. 8 (c) is aa4 tlubUalkm showinga portable information processing 

ZrJ 9} > tC<> rV^S 

apparatus^uch as a word proces^or»g>pfersonal computer. 1 200 indicatcM he 

information processing apparatus£f302-an input unit^uch as a keyboard, a 

display uniVusing a liquid crystal display apparatus according to the above-described 

embodiments, and 120 4 indicate s the main bodyof the information processing 

apparatus. 

I ndustrial Applicability ■■ 

As described above, in accordance with the present invention, a particular 
color (e.g., white) is displayed in the periphery of the active display area of a display 
panel. Accordingly, the visibility in the peripheral region of the active display area 
can be significantly improifgd compared with the conventional art. 



